objectives Malnutrition contributes to paediatric morbidity and mortality in disasters and complex emergencies, but summary data describing specific nutritional interventions in these settings are lacking. This systematic review aimed to characterise such interventions and their effects on paediatric mortality, anthropometric measures and serum markers of nutrition.
Introduction
Disasters associated with natural hazards and complex emergencies such as armed conflicts and civil unrest have left an estimated 87.6 million people in 37 countries in need of humanitarian assistance in 2016 alone. Approximately 60 million people were displaced from their homes during 2016, half of them children [1] .
Paediatric mortality and morbidity in regions afflicted by such emergencies may be largely attributable to malnutrition and micronutrient deficiencies [2, 3] . Malnutrition places children at higher risk of death; 45% of all child deaths in 2011 were linked to malnutrition [4] , and wasting places those under age five at higher risk for mortality [5] . Humanitarian emergencies heighten this risk. Most countries classified as making either 'no progress' or 'insufficient progress' towards the United Nations Millennium Development Goal of reducing child mortality have experienced a recent conflict or disaster [6] . Prevalence of acute malnutrition in paediatric populations in complex emergencies may range from 31% to 80%, with micronutrient deficiencies also more common in refugee and internally displaced populations [2] . Malnutrition may account for up to 23% of all paediatric mortality in displaced populations, with all-cause mortality closely correlated with malnutrition prevalence in these groups [7] .
As such, addressing malnutrition and micronutrient deficiency in disaster and emergency settings is essential to reducing paediatric morbidity and mortality [6, 8] However, the unpredictable nature of disasters and complex emergencies and the multimodal responses they necessitate render it challenging to design and implement rigorous scientific investigations of specific nutritional interventions. While understanding of causes and surveillance of malnutrition in emergencies continues to advance, knowledge regarding treatment of malnutrition in such settings has largely been shaped by field reports, consensus statements from experts, and guidance protocols from aid organisations [9, 10] . Limited reports suggest a paucity of systematic data on the impact of nutritional interventions on mortality or defined nutritional outcomes in such settings [9] .
The aims of this systematic review were to identify and characterise existing research regarding specific interventions aimed at improving paediatric nutrition in disaster and complex emergency settings, and to describe the effects of these interventions on mortality, anthropometric measurements and serum markers of nutrition.
Methods

Search strategies
A search strategy was designed in collaboration with a health sciences medical librarian. The search aimed to identify randomised controlled trials or prospective or retrospective observational studies that described the effects of nutritional interventions aimed at children and adolescents (0-18 years of age) in preparation for, during, or after a complex emergency or disaster (Box 1). 'Complex emergency' and 'disaster' were defined in accordance with WHO classifications [11] (Box 2).
The OVID MEDLINE and Cochrane Library databases were searched without language restrictions from each database's inception through 12 December 2016 (Appendix 1). Computer-assisted search protocols used combinations of keywords, free text terms, subsets and exploded medical subject headings (MeSH). Additionally, references of included reports were manually reviewed for relevant records. Publications of the Emergency Nutrition Network, the Field Exchange Publication, the WHO database and the Grey Literature Report were hand-searched to identify potentially eligible reports and citations. The clinical trial registry of the National Institutes of Health was also searched (clinicaltrials.gov).
Box 1 Population, intervention, comparison and outcomes chosen for this review
Population
Children aged 0-18 years old (including 18 years) affected by, or living in, any complex emergency or disaster (see Box 2) that occurred during 2016 or earlier. Studies of all ages are included if they contain data specific to those aged 18 years and younger. Intervention
Interventions are dependent on the individual study and include but are not limited to parental education, management of acute malnutrition, micronutrient provision, improving access to nutrition and complementary feeding.
Comparison
Specific comparison groups and/or interventions are dependent on the individual study and include but are not limited to absence of the intervention or a second intervention. Only randomised controlled trials or observational studies with a defined control group, pre-or post-design or comparing two or more interventions were included. Outcome
Outcomes are dependent upon individual study and include but are not limited to mortality, weight gain, serological markers, anthropometric markers and quality of life measures.
Data processing
After removal of duplicates, titles and abstracts of all identified records were screened for eligibility by two teams of two independent reviewers (SK/DS and TW/AS); disagreements were resolved by a third reviewer (KB) (Figure 1 ).
Full-text reports of any potentially relevant records were reviewed. Studies were excluded if they were not in English, French or Spanish, did not examine nutrition-related outcomes, were not conducted in preparation for, during or following disasters or complex emergencies, did not specifically examine an intervention, or did not specifically study paediatric populations or included broader age ranges without paediatric subgroup analysis. Data were extracted from included studies using a predesigned form (Appendix 2). Extracted data elements included study characteristics, intervention studied, outcome measures and results.
The quality of each included study was assessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) criteria to evaluate the risk of bias (limitations) of individual studies [12, 13] . Per GRADE criteria, randomised controlled trials were initially awarded a high score, whereas observational studies started at a low score. If any risks of bias (limitations) as defined by GRADE were present, study scores were accordingly lowered. If specific GRADE criteria were met, the studies were accordingly upgraded. The criteria proposed by the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement were adhered to in reporting [14] .
Results
After removal of duplicates, 1371 unique records were identified from computer-assisted database searches and hand-searches of grey literature sources. After title and abstract screening, 172 citations were selected for fulltext screening. Subsequently, 31 studies met inclusion criteria and were included for analysis ( Figure 1) .
Characteristics of included studies
Characteristics of studies and their interventions are described in Tables 1 and 2 , along with their assigned GRADE score and risk of bias (limitations). GRADE scores are assigned as high (H), moderate (M), low (L) and very low (VL). Additional study characteristics are described in Appendix 3.
The majority of studies (17) were conducted in African countries, with six in South Asia, three in China, three in South-East Asia, one in Palestine and one in El Salvador. A variety of humanitarian emergencies were represented, including seasonal hunger gap periods (7), war/conflict (7), earthquake (4), drought (3), famine (1), storm/monsoon (2) and economic crisis (1), with multiple studies conducted in displaced populations or refugee camps (6) . Four studies were conducted in preparation for an anticipated disaster (seasonal hunger gap); the remaining studies were in response to a disaster that was occurring or had already occurred.
Interventions studied fell broadly into seven categories: selective feeding (10), blanket distribution of food (2), micronutrient or vitamin supplementation (12) , transfers of cash, land or food (4), education (1), food-for-work programmes (1) and cooking utensil distribution (1). Selective feeding interventions were further classified as blanket supplementary feeding (provided to all comers), selective supplementary feeding (treating mild or moderate malnutrition) or therapeutic feeding (treating severe Box 2 Definitions of 'emergency' and 'disaster' utilised in study
Complex emergency
A humanitarian crisis in a country, region or society where there is total or considerable breakdown of authority resulting from internal or external conflict and which requires an international response that goes beyond the mandate or capacity of any single and/or ongoing UN country programme.
Complex political emergency
A situation with complex social, political and economic origins which involves the breakdown of state structures, the disputed legitimacy of host authorities, the abuse of human rights and possibly armed conflict, that creates humanitarian needs.
Disaster
The result of the way individuals and societies relate to threats originating from natural hazards [which] . . . comprise phenomena such as earthquakes; volcanic activity; landslides; tsunamis; tropical cyclones and other severe storms; tornadoes and high winds; river floods and coastal flooding; wildfires and associated haze; drought; sand/dust storm; infestations. malnutrition), and then further stratified by take-home or on-site [15] . Four studies were randomised controlled trials; the remainder were observational studies. The majority of studies (25) were of low or very low quality. Only one study disclosed a potential conflict of interest.
Most studies focused on patients under five years of age; only one study included patients over age of 5. (8) Not conducted during, after, or in preparation for disaster/complex emergency (8) Did not specifically assess effects of an intervention (108) Did not specifically study paediatric population or included broader age groups without specific analysis of paediatric subgroup (5) Full text not found (8) Figure 1 Flow chart for selection of articles. Tables 1 & 2 for study country and settings, details regarding intervention and comparisons, and study quality.
†Where specified by authors, population size (N), age range(s) included, sex distribution, and baseline nutritional characteristics at enrolment (B/L) are presented for all studies. Except when otherwise stated, population sizes refer to intervention (I) and comparison (C) groups. Age is denoted in months or years, or in proxy length measurements, depending on the study. Abbreviations for nutritional baseline characteristics include: WAZ, weight-for-age z score; WHZ/WLZ, weight-for-height/weight-forlength z score; HAZ/LAZ, height-for-age/length for age z score; MUAC, Middle upper arm circumference; WHM, Weight-for-height as compared to median reference standard. ‡Except when otherwise stated, major findings reflect those seen in intervention group. Symbols are used to denote an increase (↑), decrease (↓), or no change in outcome (s) of interest. §Abbreviations for additional interventions include: DW, deworming; EDB, education regarding breastfeeding to mothers; EDH, education regarding health; EDN, education regarding nutrition; FR, food ration; FT, targeted feeding; HC, health care; MAL, malaria testing and/or treatment; DAL, diarrhoeal disease treatment; AMD, antimalarial impregnated bednets; SFA, supplemental folic acid; SIR, supplemental iron; SVA, supplemental vitamin A; VAC, vaccine(s). -*See Tables 1 & 2 for study country and settings, details regarding intervention and comparisons and study quality.
†Where specified by authors, population size (N), age range(s) included, sex distribution, and baseline nutritional characteristics at enrolment (B/L) are presented for all studies. Except when otherwise stated, population sizes refer to intervention (I) and comparison (C) groups. Age is denoted in months or years, or in proxy length measurements, depending on the study. Abbreviations for nutritional baseline characteristics include the following: WAZ, weight-for-age z score; WHZ/WLZ, weightfor-height/weight-for-length z score; HAZ/LAZ, height-for-age/length for age z score; MUAC, Middle upper arm circumference; WHM/WAM, Weight-for-height/age as compared to median reference standard. ‡Except when otherwise stated, major findings reflect those seen in intervention group. Symbols are used to denote an increase (↑), decrease (↓) or no change in outcome (s) of interest. §Abbreviations for additional interventions include the following: ABX, antibiotics; DW, deworming; EDB, education regarding breastfeeding to mothers; EDH, education regarding health; EDN, education regarding nutrition; FR, food ration; FT, targeted feeding; HC, health care; MAL, malaria testing and/or treatment; DAL, diarrhoeal disease treatment; AMD, antimalarial impregnated bednets; SFA, supplemental folic acid; SIR, supplemental iron; SVA, supplemental vitamin A; VAC, vaccine(s). Tables 1 & 2 for study country and settings, details regarding intervention and comparisons, and study quality. †Where specified by authors, population size (N), age range(s) included, sex distribution, and baseline nutritional characteristics at enrolment (B/L) are presented for all studies. Except when otherwise stated, population sizes refer to intervention (I) and comparison (C) groups. Age is denoted in months or years, or in proxy length measurements, depending on the study. Abbreviations for nutritional baseline characteristics include: WAZ, weight-for-age z score; WHZ/WLZ, weight-for-height/weightfor-length z score; HAZ/LAZ, height-for-age/length for age z score; MUAC, Middle upper arm circumference; WHM, Weight-for-height as compared to median reference standard. ‡Except when otherwise stated, major findings reflect those seen in intervention group. Symbols are used to denote an increase (↑), decrease (↓) or no change in outcome (s) of interest. §Abbreviations for additional interventions include the following: DW, deworming; EDB, education regarding breastfeeding to mothers; EDH, education regarding health; EDN, education regarding nutrition; FR, food ration; FT, targeted feeding; HC, health care; MAL, malaria testing and/or treatment; DAL, diarrhoeal disease treatment; AMD, antimalarial impregnated bednets; SFA, supplemental folic acid; SIR, supplemental iron; SVA, supplemental vitamin A; VAC, vaccine(s).
Impact on mortality and nutritional outcomes
Studies are grouped by impact on outcomes in Tables 3,  4 and 5. Outcome categories are (i) mortality (all-cause), (ii) anthropometric markers (weight gain, height gain/ linear growth, weight-for-height (WFH/WHZ), heightfor-age (HFA/HFZ), weight-for-age (WFA/WAZ), mid-upper-arm circumference (MUAC)) and (iii) serological markers (haemoglobin, iron levels, vitamin A levels) [16] . Baseline participant characteristics including age (or length if used as proxy), gender and nutrition criteria used at enrolment are also included, when available. Additional participant characteristics are described in Appendix 3. The last column in each table describes any secondary interventions applied.
Mortality. Six studies examined mortality as an outcome. Rossi et al. demonstrated a mortality reduction (6/10 000 to 3.1-4.9/10 000) using selective feeding in a large population (more than 1 million participants), though the quality of evidence was very low [17] . Preventive food supplementation and distribution reduced mortality in two studies of different quality. [18, 19] . Type of food (RUTF vs. corn-soy blend) had no significant impact on mortality in Nackers et al.'s study [20] . Nielsen et al. demonstrated a 12% mortality reduction with Vitamin A supplementation [21] . Luxemburger et al. demonstrated a reduction in mortality due to beri-beri from 73/1000 to 5/1000 (P < 0.0001) with vitamin B1 supplementation; historical controls were used, raising the risk of confounding [22] . The large magnitude of effect of this observational study led to it being graded as moderate quality.
Anthropometric markers. The majority of studies (22) utilised anthropometric markers as outcomes, with wasting being most commonly studied. While many studies used WHO 2006 reference standards to define moderate and severe stunting and wasting (labelled 'WHO' in Table 4 ), others used the National Center for Health Statistics (NCHS)/WHO international growth reference standards (labelled NCHS in Table 4 ) [23] [24] [25] [26] . Wasting (WFH) was used as an outcome in 15 studies [18] [19] [20] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] , stunting (HFA) in five studies [32, 33, 37, 39, 40] , underweight (WFA) in five studies [31, 34, 37, 41, 42] and MUAC in five studies [19, 28, 38, 43, 44] . Four studies described weight gain [20, 28, 43, 45] and one described linear growth [37] .
Recovery rates of 67-81% were seen in two studies examining take-home selective supplementary feeding for those with mild or moderate malnutrition using millet gruel and corn-soy blend, respectively [27, 44] . Rates of over 90% were seen in therapeutic feeding studies using RUTF in those with severe malnutrition [28, 43] . However, recovery rates were defined differently in each study: Nielsen used MUAC >130 mm, Vautier used >85% WFH, James used 15% weight gain or MUAC >110 mm and Amthor used WFH >100% reference standard. Improvements in WFH and WFA measurements were seen in studies examining supplementary and therapeutic combination feeding programmes [29, 41] . Stefanak et al. found no significant difference in recovering when comparing take-home vs. on-site supplemental feeding with corn-soy blend [45] . The majority of these studies were of low quality.
Preventive food supplementation was supported by evidence of varying quality. Isanaka et al. reported a reduction in prevalence of wasting and severe wasting (36% (95% CI 17-50%) and 58% (95% CI 43-68%), respectively), Grellety et al. reported higher gains in weight-forlength z scores (P = 0.006), while Huybregts et al. found no reduction in wasting but increased height-for-age z-score gains (+0.03 Z/month, 95% CI 0.01-0.04, P < 0.0001) [18, 19, 30] . RUTF proved superior to cornsoy blend in Nackers et al.'s study of high quality [20] with recovery rates of 79.1% in the RUTF group vs. 64.4% in the corn-soy blend group (P < 0.001).
Nutrient supplementation studies were of varying quality and impact. Studies of low quality by Dong et al., Rah et al. and Bilukha et al. using micronutrient mixes demonstrated differing improvements in wasting and stunting [31] [32] [33] . In a very low-quality study by Magoni et al., iron supplementation did not affect stunting but did reduce prevalence of underweight and wasting from 10.9% to 3.8% (P = 0.0006) and from 6.0% to 1.4% (P = 0.0025), respectively [34] . Courtright et al. reported a 5.9 times higher risk of wasting in febrile children not receiving vitamin A supplementation [36] , while Choudhury et al. reported that the risk ratio for severe malnutrition was 1.74 in those taking vitamin A and 3.52 in those not taking vitamin A [42] . All of these studies were of low-to-very low quality. In a high-quality study, Lopriore et al. described 30% faster linear growth in children receiving fortified spreads [37] .
While food aid alone had an insignificant impact on wasting in one study by Hossain et al. [35] , three other studies examined combinations of land, cash and food transfers. While very low in quality, Brentlinger et al. suggest that the impact of land transfers on nutrition is potentially dependent on time to cultivation [39] . Baye et al. found stunting to be higher in households receiving food (35.8%) vs. cash (26.6%) transfers in a low-quality study, though this was not statistically significant [40] . In an observational study that was upgraded to moderate quality due to magnitude of effect, Langendorf et al. demonstrated that incidence of moderate acute malnutrition was two times lower using preventive combinations of cash and food (CI > 1), as opposed to each intervention alone, and that incidence of severe acute malnutrition was three times lower in combination groups compared to fortified food-only group (CI 1.65-5.94) [38] .
Serological markers. Thirteen studies assessed serological markers. The addition of RUSF to food distribution reduced odds of anaemia (OR 0.52; 95% CI: 0.34-0.82, P = 0.004) in a moderate quality study by Huybregts et al. [30] , while no significant difference in anaemia was noted between RUTF and corn-soy blend in a high-quality study by Nackers et al. [20] .
Studies examining micronutrient supplementation were of very low-to-low quality. No significant impact on anaemia was noted by Rah and Ndemwa with micronutrient supplementation [32, 46] ; Huo and Bilukha demonstrated a statistically significant reduction in moderate anaemia (20.3% to 7.3% and 18.9% to 14.4%, respectively) [33, 47] . Dong and Magoni demonstrated a statistically significant reduction in overall anaemia prevalence (74.3% to 37.4% and 30.1% to 18.8%, respectively) [31, 34] .
Fortified foods were shown to have a statistically significant impact on haemoglobin in two studies of high and low quality; Lopriore et al. demonstrated a 90% reduction in anaemia and Seal et al. reported a 23.4% decrease [37, 48] .
No significant impact was noted with stainless steel cooking pot distribution (Talley et al.) and food-for-work programmes (Moench-Pfanner et al.) [49, 50] . Targeted health and nutrition education led to reduction in anaemia prevalence from 14.3% to 7.8% (P < 0.001) in one very low-quality study by Yang et al. [51] .
Discussion
Complex emergencies and disasters continue to leave millions of people vulnerable and in need of nutritional support each year, particularly children. While consensus statements and guidelines exist based upon field experience, relatively little attention has been paid to aggregating scientific research on the prevention and treatment of paediatric malnutrition in such scenarios. This systematic review describes and assesses the quality of existing evidence from both randomised controlled trials and controlled observational studies examining nutritional interventions aimed at improving mortality, anthropometric markers and serological markers in paediatric populations affected by humanitarian emergencies and disasters. While some included studies do describe a significant impact on these outcomes, this review demonstrates that the literature on interventions to improve paediatric nutrition in disaster settings remains limited, with very few randomised controlled trials, and generally low-to very low-quality evidence. To date, there has been only one systematic review relevant to paediatric nutrition in disasters. However, this review focused only on children aged 6-59 months in the setting of 'natural disasters' and included only five studies, none of which were randomised controlled trials [52] . Our systematic review is unique in both age of participants included (0-18 years) and scope (disasters and complex emergencies), and our search strategy yielded a far larger number of relevant studies.
Among the interventions utilised in included studies, educational interventions and cash/food/land transfers were the least studied, with feeding programmes being the most commonly examined interventions.
The two studies with the highest level of evidence demonstrated the positive impact of fortified spreads and of RUTF [20, 37] . In Algerian refugee camps, fat spread fortified with vitamins and minerals resulted in increased linear growth and reductions in anaemia [37] . In Niger, RUTF provided to children with moderate acute malnutrition (MAM) led to higher weight gain and recovery rates when compared to children treated with corn-soy blend-based pre-mix [20] .
Four additional studies met moderate levels of evidence [18, 22, 30, 38] and raised interesting concepts for future research. Luxemburger et al. utilised a historically controlled design to demonstrate a significant reduction in mortality due to beri-beri with vitamin B1 supplementation [22] . Preventive supplementation with RUTF of nonmalnourished children reduced incidence of wasting and severe wasting in Niger [18, 30] . Similar interventions may be useful in annually occurring predictable 'hunger gaps' in other settings.
Another area of interesting research involves land/cash transfers as a unique alternative to feeding programmes that have been implemented in emergency situations. Langendorf et al. showed that preventive distributions combining food and cash transfers had greater impact on preventing MAM and severe acute malnutrition (SAM) than strategies utilising cash transfer or supplementary food alone [38] . While more data on cash transfers are needed in specific regions, such as sub-Saharan Africa, a growing quantity of evidence indicates that cash transfers may improve nutritional outcomes by increasing food supply, money spent on groceries and quality of food consumed [1, 53] . Two ongoing studies aim to assess impacts of cash transfer specifically on paediatric populations in emergency settings [54, 55] .
Overall, however, variation in study design, differences in definitions of outcomes and bundling of secondary interventions rendered it impossible to conduct a metaanalysis of the impact of an individual intervention from multiple studies. Sample sizes differed greatly from as few as three dozen to as many as >1 million participants, with loss to follow-up and default rates variably reported. While studies describing anthropological markers typically utilised 2006 WHO definitions of moderate and severe stunting and wasting, some studies used the National Center for Health Statistics (NCHS)/WHO international growth reference from 1977 [23] [24] [25] [26] . Perhaps more importantly, studies differed in their definition of what constituted 'recovery' from malnutrition [20, 27-29, 43, 44] . While similar definitions of anaemia were used, some studies assessed 'any' anaemia and some examined severe, moderate and mild anaemia, with a subset of authors stratifying by age [20, 48, 51] . This points towards a need for consensus on the definition of 'anaemia' stratified by age groups and of 'recovery rate' stratified for mild-tomoderate and severe malnutrition, to facilitate generalisability and comparability of future studies.
Finally, many studies also bundled other interventions into their primary intervention. Commonly applied interventions included treatment/prevention of malaria, additional supplemental rations, iron and vitamin A supplementation, medical consultations, vaccinations and deworming. Notably, while only one study directly examined educational interventions, multiple studies included health and nutrition education as secondary interventions, highlighting the need for further research focused on educational interventions. Additional interventions were applied to all participants in some studies, while others provided additional interventions only to the group receiving the primary intervention. Such factors made it challenging to synthesise the impact of a single intervention from the results of multiple studies. However, the complex and multifaceted nutritional issues generated by disasters and complex emergencies may in turn necessitate multimodal solutions, as opposed to a single primary intervention. As such, perhaps more attention should be devoted to assessing the evidence for bundled interventions.
Our review also highlights possible disparities between location of humanitarian emergencies and location from where the most published studies originated. The total number of reported natural disasters between 2004 and 2013 was 6525 global events; 41% occurred in Asia and 24% in Africa, accounting for 65% and 3% of total deaths, respectively [56] . While African countries still host the highest number of refugees per GDP per capita, in 2015 Turkey, Pakistan and Lebanon hosted the highest number of refugees in absolute terms, with the greatest number of newly displaced individuals coming from Syria and Afghanistan [57] . However, most studies we identified were conducted in Africa, indicating a possible knowledge gap in non-African regions that also bear a large proportion of disaster and complex emergency-associated morbidity and mortality, though the lack of studies in other regions may be due to publication bias or be influenced by the language restrictions used in this systematic review. Only one study included paediatric patients over age five, indicating a paucity of published data on pre-teen and adolescent patients.
Overall, the existing literature is not methodologically robust, limiting the quality of the evidence. Many included studies had inherent biases due to inability to blind participants and lack of separate control groups, as we also included observational studies that incorporated a pre-and post-intervention design. There were only four randomised controlled trials found in the literature, though we also included observational studies that incorporated a pre-and post-intervention design. Notably, most studies providing moderate-or high-quality evidence were conducted within the unique setting of hunger gaps. These annually occurring periods of seasonal mismatch between harvest and demand create a microcosm of famine and may represent a setting in which methodologically robust studies can be conducted with results that are potentially generalisable to other settings.
Most complex emergencies and disasters, however, are by their very nature, unpredictable. Moreover, ethical considerations in such settings may preclude control groups. The historical control model utilised by Luxemburger et al. may present an alternative to identifying contemporaneous control groups, which may be ethically impossible in humanitarian emergencies [22] . Other potential sources of controls may include control groups from outside the intervention area, controls from a 'nontargeted group' from a different age group or population, and comparing adherent and non-adherent populations [58] . Stepped-wedge cluster-randomised trials have been suggested in situations where logistical constraints prevent exposing the entire target population to the intervention simultaneously [58, 59] . Using the random and sequential crossover of clusters from control to intervention until all clusters are exposed could allow for enrolment of controls while still allowing the entire target population to be exposed to a potentially beneficial intervention [60] . Adaptive clinical trials, where modifications to study procedures are made after trial commencement using accumulating data, could be of particular use in unstable settings and when interventions are being scaled up or applied to different contexts [61, 62] The unique nature of humanitarian emergencies underscores the need for a paradigm shift in what constitutes adequate study methods and acceptable levels of evidence in these ever evolving, volatile and challenging settings.
Limitations
While a comprehensive search protocol and structured analysis of the quality of evidence were utilised in this review, certain limitations exist. Heterogeneity of outcomes, interventions and comparison groups limited our ability to perform a formal meta-analysis. One other notable limitation is data quality. Data collection in emergency settings is fraught with difficulties and often limited geographically due to danger or transportation. Biases such as geography, concurrent humanitarian interventions and baseline health disparities within a population are often mentioned but extremely difficult to control. Much of the literature on nutritional interventions is so-called grey literature. Any possible limitation posed by this was mitigated by hand-searching articles and references in multiple nutrition-related databases. Lastly, given the need for two independent reviewers, we used only English, Spanish and French, limiting the breadth of studies meeting inclusion criteria.
Conclusion
While our study demonstrates the difficulty of performing high-quality studies during complex emergencies and disasters, it is important to note that over 30 studies on nutrition interventions in humanitarian settings were identified. The evidence examined in this review, though limited by its quality, indicates that nutrition interventions have the potential to decrease morbidity and save lives in disaster and emergency settings. While the WHO 2006 standards appear to have been widely adopted, there is a need for predetermined consensus outcomes in future nutrition supplementation studies. Inclusion of control groups continues to pose a challenge to study design in such settings, and creativity with study design and with recruitment of control groups or designing generalisable randomised controlled trials in hunger gap settings may present a potential solution. As regions of conflicts and displaced people continue to evolve to include new areas and populations, future research on nutrition interventions must evolve to include those populations. 
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